The salts c 6 F 6 AsF 6 (yellow), c 6 F 5 CF 3 AsF 6 (lime green), and c 10 F 8 +AsF 6 -(dark green) may be prepared by electron-oxidation of the appro-
priate perfluoro-aromatic molecule using 0 2 AsF 6 . Other o 2 salts can be similarly employed as can the more stronglyoxidizing transition-metal hexafluorides, but salts of the latter are more labile than their AsF 6 -relatives.
+ -C 6 F 6 AsF 6 is a convenient electron-oxidizer (C 6 F 6 AsF 6 + c 10 F 8 ~ c 10 F 8 AsF 6 + c 6 F 6 ) since that remaining from reaction decomposes at room temperature to volatile products (2C 6 F 6 AsF 6
~ c 6 F 6 + 1,4-C 6 F 8 + 2AsF 5 ). Magnetic susceptibilities for C 6 F 6 AsF 6 and c 10 F 8 AsF 6 approximate to Curie law behavior and~ values are close to free-electron values. X-ray diffraction data (single crystal) show c 6 F 6 AsF 6 to be primitive rhombohedral with a 0 = 6.60(1)~, 
Introduction
Radical cations derived from perfluoro-aromatic molecules were first described by Bazhin et !1 1 ' 2 . The species were made in super acid or oleum solutions and were unambiguously characterized by e.s.r. spectroscopy 1 -5 . Such species have also been proposed as intermediates in the oxidative fluorination of aromatic molecules by high valent metal fluorides 6 such as cobalt trifluoride, by bromine trifluoride 7 and by xenon difluoride 8 .
They have also been invoked in the electrochemical fluorination 9 of aromatic molecules in the presence of F-. Salts of such radical-cation species were unknown prior to the synthesis of c 6 F 6 +AsF 6 -in these laboratorieslO,ll.
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An earlier attempt by Jha to prepare c 6 F 6 PtF 6 from c 6 F 6 and PtF 6 yielded a promising orange-yellow solid at low temperatures. A similar material obtained 11 using IrF 6 , decomposed well below 0°C. Kinetically stable saltssufficiently stable to be manipulated at room temperatures were first obtainedlO,ll by exploiting dioxygenyl salts as oxidizers:
C 6 F 6 + o 2 AsF 6 + c 6 F 6 AsF 6 + 0 2 C6F6 + 02Sb2Fll + C6F6Sb2Fll + 02 3 The range of salts has been extended since the preliminary report 10 .
Utilization of the low melting solvent so 2 c1F has improved yields and provided access to less thermally stable perfluoro-aromatic radicalcation salts. Less powerful oxidizers than o 2 + salts are needed for the synthesis of c 10 F 8 + and polycyclic-cation salts ~hich have much higher thermal stability than their monocyclic relatives. The preparation and characterization of monocation salts derived from c 6 F 6 , c 6 F 5 CF 3 and c 10 F 8 is reported here. The preparation and some properties of the pentafluoropyridine radical-cation salts have been described elsewhere 13 .
Particular attention has been given to the products of thermal decomposition of the radical-cation salts and the products of F attack, since the sets of products are related. Salts of the single-ring aromatics are thermally unstable at room temperature but can be kept below 258K. Their thermal de·composition gives an equimolecular mixture of the parent fluoro-aromatic and a perfluoro-cyclohexadiene. The.initial diene product is a specific isomer.
This provides clean high-yield syntheses for those dienes and provides insight into the reaction mechanisms.
Results and Discussion
Composition of the Salts and Structural and Magnetic Properties. The high ionization potential of c 6 F 6 (-vlOeV) 1 4 requires anions of very high ionization potential to stabilize the c 6 F 6 + cation in a salt. Clearly both PtF 6 (as shown 12 . earlier by Jha ) and IrF 6 (as shown in this study) bring about salt formation.
If these salts have the composition c 6 F 6 TMF 6 -(which is probable),the lattice 4 energies would be 15 approximately -115 kcal mole-l. The electron affinities . 1617 -1 of IrF 6 and PtF 6 have been determ1ned ' to be 160 and 184 kcal mole respectively,which means that the enthalpy of formation from the gaseous reactants: ( 1 ) should be -45 and -69 kcal mole-l respectively for the IrF 6 and PtF 6 salts.
These anticipated ~eaction enthalpies are greatly in excess of those required to offset the unfavorable entropy change 18 associated with (1). The inability of OsF 6 or the less powerfully oxidizing hexafluorides to form c 6 F 6 MF 6 salts is a consequence of their lower electron affinities (~ 130 kcal mole, see below). The i.nstability of c 6 F 6 MF 6 {M = Ir, Pt) appears to be due to the relative ease of transfer of F-from the anion to the cation in such instances (see below). Indeed this is a general problem in the stabilization of cations of the monocyclic perfluoro cations and the AsF 6 -, SbF 6 -and Sb 2 F 11 -anions appear to provide the best kinetic stability for such salts.
The first effective synthesis 11 of c 6 F 6 AsF 6 employed o 2 AsF 6 as the oxidizer of c 6 F 6 dissolved in liquid WF 6 . This solvent not only provided the desirable diluent effect for this hot reaction but its relatively high heat capacity also aided in preservation of a lower temperature. These are essential requirements for high yield syntheses of c 6 F 6 AsF 6 and its monocyclic relatives, since all are thermally unstable at ordinary temperatures In more recent work sulfuryl chloride fluoride has been used as the diluent and moderator and the low working temperatures have resulted in greatly improved yields. Nevertheless, even with so 2 C1F, pyrolysis products from the salts are always observed . .
• •   5 and a quantitative yield has never been obtained for any of the monocyclic cation salts. For these and other reasons 19 the salt composition in each case has been determined from the stoichiometry of the salt pyrolysis products and other reaction stoichiometries.
The spontaneous interaction of nitric oxide with c 6 F 6 AsF 6 is in harmony 20
with the ionization potentials (!(NO)= 213~ I(C 6 F 6 ) = 230 kcal mole-1 ) and lattice energies 15 (C 6 F 6 AsF 6 = -115~ NOAsF 6 = -130 kcal mole-1 ).
When this reaction is carried out by admitting nitric oxide very slowly to the c 6 F 6 AsF 6 , the thermal decomposition products are present only in traces.
Then the yield of NOAsF 6 is almost quantitative on the basis of the salt formulation c 6 F 6 AsF 6 . This salt stoichiometry is also indicated by the 19 F nmr spectra of the pyrolysis products. The spectra show c 6 F 6 and 1 ,4-c6F8 to be present in 1:1 stoichiometry consistent with the reaction:
2 c 6 F 6 AsF 6 ~ c 6 F 6
The product distribution in the decomposition of the perfluorotoluene cation salt similarly indicates that the stoichiometries are as follows: (4) With extension of the n systems from one ring to two there is a large decrease in ionization potential 14 (I, c 10 F 8 = 204 kcal mole-1 ) and as the system becomes more extended the ionization enthalpy approaches that of graphite. 
Since the thermal decomposition products of c 6 F 6 AsF 6 are all volatile whereas the c 10 F 8 AsF 6 is thermally stable and involatile at room temperature, a quantitative conversion of c 10 F 8 to the salt can be achieved.
This has settled the composition as c 10 F aromatics.
Although the crystal structure of c 6 F 6 AsF 6 has not been defined with satisfactory precision because of the degradation of single crystals in the X-ray beam (even at 143K), the structure has a rhombohedral unit cell containing one formula unit, c 6 F 6 AsF 6 . The probable space group is Rj distortion in c 6 F 6 + but there is nothing to indicate th:at-:su-ch a distertian is present in crystalline c 6 F 6 AsF 6 .
The thermal stability of c 6 F 5 CF 3 AsF 6 is even lower tha·ncthat of the perfluorobenzene relative and because of this it is-even less well characterized structurally, but the similarity of the S"~alue::·from the e.s.r. spectrum,to that of c 6 F 6 AsF 6 , points to the magnetic behavior being similar to that salt. The~ value for the broad~ijnresolved resonance observed for crystalline c 6 F 6 AsF 6 was centere-Q.-=.at ::2 .. The 19 F nmr spectra of the reaction products from the attack on c 6 F 6 AsF 6 by F-show that'the fluorocarbon products are c 6 F 6 and the 1,4-diene in 1:1 molar ratio. These products are exactly the same as in the pyrolysis of the salt. The production of equimolar quantities of c 6 F 6 and the diene c 6 F 8 in both of these reactions is in harmony with rapid transfer of an electron from the addition product radical, c 6 F 7 ·, to another c 6 F 6 + ion 30 :
The nature of the diene formed in the interaction of a second Fwith the c 6 F 7 + is determined by the LUMO of the latter. The~ system of the cyclohexadienyl cation is essentially that of a pentadienyl entity.
Then orbitals of an idealized pentadienyl system, simply represented, are:
In the cation, the non-bonding orbital (III) is the LUMO. However, the situation .is a little more complex in the case of c 6 F 7
+ because of the high electronegativity of the carbon atom of the CF 2 group which causes the nodes to be swung towards the electronegative center. This amounts to a mixing of I and III and the LUMO has the form VI.
VI
Thus the interaction of F-with the c 6 F 7
+ is strongest at the carbon atom para to the CF 2 group. This accounts for the 1 ,4-diene product.
In the case of the perfluorotoluene-cation salts, both F-attack and pyrolysis again yield half a mole of the parent fluoroaromatic molecule and half a mole of diene. But now the diene is wholly the 1,3-
diene. These findings are essentially the same as those for the perfluoropyridine radical-cation salts, 13 where F-attack and pyrolysis produce half a mole each of c 5 NF 5 and 1,3-C 5 NF 7 . With representation of the more electronegative centers (C-CF 3 and N) by E, the interaction is:
F~k:F E F That there must be strict electronic control of the reaction course which leads to the 1,3-diene is indicated by the observation that the diene subsequently isomerises in the toluene case 31 to a 1:1 mixture of 1 ,3-and
Unlike the c 6 F 6
+ case, the site ofF-attack at the cation c 5 EF 5 + is crucial to the determination of which diene can subsequently form.
+
The SOMO of C 5 EF 5 has the form VII:
. .
... Since the node in SOMO VII determines the early-transition state geometry VIII, the F·orbital (now 50~10) interaction with IX is determined by the large coefficients for the atoms ortho to E. This leads to radical X.
This radical must lose an electron to another c 5 EF 5 : at the site para to the CF 2 group, thus providing for the observed 1 ,4-diene: Infrared spectra were obtained using Perkin-Elmer 337 and 597 infrared spectraphotometers. Raman spectra were·recorded using a J-Y Ramanor HG-2S double monochromator in conjunction with Spectra-Physics 165 Kr-ion and Coherent Radiation Ar-ion lasers. 19 F nmr spectra were recorded using a Varian Associates NV-14 nmr spectrometer. Oebye-Scherrer X-ray powder photographs of samples contained in dry thin-walled quartz capillaries (Charles Supper Co.) were obtained using a General
Electric Powder Camera utilizing Ni-filtered Cu radiation. Precession photographs of single crystals of c 6 F 6 AsF 6 were taken using a Polaroid cassette on an EnrafNonius precession camera with Zr-filtered Mo radiation. Magnetic susceptibility measurements were carried out using a Princeton Applied Research vibrating sample magnetometer. Esr spectra were recorded using Varian Associates V4500 and E-3 spectrometers.
. . of dioxygenyl hexafluoroarsenate in a pre-passivated fused silica reaction vessel equipped_with a Whitey 1KS4-SS valve. The vessel was warmed slowly. The vigorous reaction, which ensued as soon as the solvent began to melt, was complete at 273K in WF 6 , or at 233K in so 2 ClF. Neither the dioxygenyl salt nor the product is soluble in either solvent; hence the product is a very fine powder. In order to ensure complete removal of unreacted reagents and volatile by-products (these were found to be minimized by the use of so 2 clF) the reaction vessel was evacuated at 273K, then cooled to 195K for storage. Purification of the hexa- The last was found to be the most effective route to this octafluoronaphthalene salt, but is inapplicable to the syntheses of the monocyclic salts due to their relative instability at the temperatures required to maintain the starting materials in solution. c 10 F 8
AsF 6 was prepared in quantitative yield by metathesis:
c 10 F 8 (2.3 mmol) was added to c 9 F 6 AsF 6 (excess) in so 2 C1F. The reaction was complete in 30 minutes at 233K. Unreacted c 6 F 6 AsF 6 was decomposed at 298K, and the decomposition product pumped away, leaving pure c 10 F 8 AsF 6 (2.3 mmol ).
Octafluoronaphthalene Hexafluororhenate(V). Octafluoronaphthalene (J.42 mmol) was dissolved in dry trichlorofluoromethane (0.5 ml) at 273K in a fused silica Reactions of Perfluoroaromatic Cation Salts.
Nitric Oxide. The reaction:
was always accompanied by some decomposition due to local heating. The controlled reduction of c 6 F 6
+ salts with nitric oxide was, however, useful in establishing the stoichiometry of these materials. Freshly-prepared c 6 F 6 AsF 6 (0.66 mol) was exposed to dry NO gas in a fused silica reactor, producing NOAsF 6 (0.64 mol, 20 identified by its Raman spectrum and X-ray powder pattern) and c 6 F 6 (0.68 mol, identified by nmr spectroscopy). The octafluorotoluene salt behaved similarly. -(which is ordinarily a strong band) hints at absorption enhancement of the cation Raman spectrum.
On the whole, however, the overall framework of the molecule appears to be altered little by ionization. Moreover, the mutual exclusion of the IR and
Raman activity appears to hold for the c 10 F 8 + ion (see Table I ). Therefore it is likely that the cation is at least approximately centrosymmetric in its lattice site. It may retain the ..Q 2 h symmetry of the parent molecule.
Magnetic Susceptibility and ESR Spectra. The magnetic susceptibility of c 6 F 6 AsF 6 (Table II) X-Ray Diffraction. The Debye-Scherrer X-ray powder pattern of c 6 F 6 AsF 6 is given in Table III . Single crystals of c 6 F 6 AsF 6 were grown as described above.
Due to thermal degradation and resultant fragmentation of these crystals, it proved impossible to collect sufficient high-quality diffractometer data for a complete structure determination. Precession photographs did, however, establish the identity of the crystals and the bulk powder from which they were prepared. The data are consistent with a rhombohedral unit cell: a= 6.60 ~(1) a= 106.0°(1), v = 246.1 ~' Z = 1. Efforts to grow single crystals of c 10 F 8 AsF 6 were unsuccessful. The powder diffraction pattern, however, has been indexed (Table IV) Coupling is also observed between the trifluoromethyl group and 5-F but not 6-F, thus ruling out the 3-CF 3 isomer. 
